The rust fungus Phragmidium violaceum was first observed in spring 2005 on naturalized Himalayan blackberry plants (Rubus armeniacus Focke) along Oregon's southern coast (17) and, within a few months, was found in many counties in western Oregon, western Washington, and northern California, including those in the Oregon's Willamette Valley, where commercial blackberry production is concentrated (1,17; W. F. Mahaffee, unpublished data). In addition to infecting unwanted, naturalized blackberry, nearly all fields of the commercial R. laciniatus Willd. cvs. Thornless Evergreen and Everthornless became infested with the pathogen, with several fields incurring severe economic losses. The impacted fields showed reduced fruit yield and quality, and plant vigor in the following season (K. B.
Johnson, personal observation).
Incursion of blackberry rust into the United States represents a new production constraint for the Pacific Northwest's $36 million blackberry industry. Although the autecology of P. violaceum and epidemiology of blackberry rust has been investigated with regard to its use as a biological control agent of naturalized blackberry in Australia (4, (6) (7) (8) 10, 18) , little is known about the management of this disease in susceptible blackberry plantings (21) . P. violaceum is an autoecious, macrocyclic rust fungus, which causes a defoliating disease on leaves and flower buds (15, 22) . Each spring, P. violaceum reportedly undergoes an obligate sexual cycle (6, 10, 15) , with asexual perennation of this pathogen in buds or on overwintering foliage considered insignificant in the disease cycle (22) . Urediniospores infect through stomata on undersides of leaves and produce a new generation of spores every 8 to 12 days (4,6). Leaf age greatly influences susceptibility to infection, with the most susceptible foliage being the youngest, fully expanded leaves near the tips of canes (6) . In late summer and through fall, uredinia differentiate to telia that produce overwintering teliospores. Physiologic races of P. violaceum have been reported in regions where it has been established for longer periods of time (7) . In detached leaf assays, this pathogen has been shown to be sensitive to the fungicides that are commonly used to control rust diseases in other crops (21) ; however, there is little information of fungicide performance in the field.
The purpose of this study was to study infection and suppression of P. violaceum on R. laciniatus under western Oregon conditions. We examined the phenology of the disease cycle, indentified environmental conditions that promote infection, and developed an effective chemical suppression strategy to prevent epidemic development.
The blackberry rust pathogen Phragmidium violaceum was first observed in Oregon in spring 2005 on both commercially cultivated Rubus laciniatus (Evergreen blackberry) and naturalized R. armeniacus (Himalayan blackberry). Several commercial plantings suffered severe economic losses. In 2006 to 2008, all five spore stages of this autoecious, macrocyclic rust pathogen were observed annually, and asexual perennation of the pathogen on old leaves or in leaf buds was not evident in the disease cycle. In field experiments, teliospore germination and infection by basidiospores occurred mostly during April. On potted "trap" plants exposed for periods of 1 week under dense collections of dead leaves bearing teliospores, basidiospore infection was associated with wetness durations of >16 h with mean temperatures >8°C. Trap plants placed under the bundles of collected leaves frequently developed spermagonia, whereas only 1 of 630 trap plants placed in a production field of R. laciniatus became diseased, an indication that the effective dispersal distance of basidiospores may be limited. In growth chambers programmed for constant temperatures of 5, 10, 15, 20, 25 , and 30°C, a minimum of six continuous hours of leaf wetness was required for infection by urediniospores, with >9 h required for moderate infection (>4 pustules/cm 2 ) at 15 and 20°C. With diurnal temperature regimes averaging 5, 10, 15, 20, or 25°C, urediniospore germination and infection was highest in the range of 5 to 15°C; similarly, in the diurnal environment, >9 h of leaf wetness was required to attain moderate infection. In the field, lime sulfur applied as a delayed dormant treatment significantly suppressed teliospore germination and basidiospore infection. Over two seasons, one application of myclobutanil, a demethylation-inhibitor fungicide, applied in early May near the time of spermagonial appearance provided effective suppression of the summer epidemic. g/liter). Slides with teliospores were incubated in the dark at 20°C for 48 h inside of closed plastic boxes lined on the bottom with moist paper towels. Percent germination (teliospores with an emerging promycelium) was determined for three sets of 100 teliospores sampled from each location. As the season progressed, the percentage of previously germinated teliospores (empty teliospore shells) also was recorded. The phenology of spore germination in Corvallis in western Oregon was compared with that observed in Montpellier in southern France (6) . For this comparison, an "expected" period of teliospore germination for the cooler, western Oregon site was developed by shifting the spring germination period observed in southern France (6) by the amount that a 13-year record of mean daily temperature differed between the two locations (data for Montpellier and Corvallis were obtained from Weather Underground Inc., Ann Arbor, MI).
In 2008, the effect of lime sulfur on teliospore germination also was evaluated. In Corvallis, three subsamples of detached leaves were sprayed to near runoff with 10% (vol/vol) calcium polysulfide (Rex Lime Sulfur Solution 28%; OR-CAL Inc., Junction City, OR) mixed in water; then, after drying, they were placed in a 0.15-by-0.15-m plastic mesh bag that was positioned at the edge of the same suspended platforms that held the nontreated leaves. At Aurora, leaves bearing teliospores were sampled from plots that had received delayed dormant sprays of lime sulfur on 26 March (10%) and 16 April (2.5%) (this treatment is described below under "Chemical control").
Basidiospore infection. A rotational "trap" plant study was conducted to identify environmental conditions that favored basidiospore infection. Plants were obtained by rooting two-node, greenwood cuttings of cv. Thornless Evergreen on a mist bench. Cuttings were then planted in 3.8-liter pots filled with Sunshine mix no. 1 (SunGro Horticulture, Bellevue, WA) and grown in a greenhouse (15 to 26°C, 16-h photoperiod). Plants were fertilized as needed (Champion 17-17-17 with micronutrients' McConkey's, Portland, OR) at a nitrogen concentration of 200 ppm. Prior to use, plants were trimmed to three to four actively growing canes, with individual canes ranging from 20 to 80 cm in length.
Beginning in mid-March, sets of the potted blackberry plants were exposed in the field for 7 days, after which a new set of plants was rotated into the field and the previously exposed plants incubated in a greenhouse (at approximately 18°C) for 21 days. As a control, on the day of each rotation, five symptomless plants were transferred from the propagation greenhouse to incubate with the plants that had returned from the field. Plants in the greenhouse were watered such that leaf wetness did not occur. Potted-plant rotations were repeated through May at both Aurora (2006 and and Corvallis (2006 to 2008) . At Aurora, groups of 10 plants were placed at three areas within the blackberry planting and, in Corvallis, 10 plants were placed under each of the three platforms on which the teliospore-bearing leaves had been suspended. After incubation, exposed and control plants were assessed for spermagonia by recording the leaf node (counted down from tip) and total number of spermagonia on all diseased leaves. After disease assessment, canes were cut back to the soil line and plants regrown for use in subsequent seasons.
Weather data were monitored at the Corvallis site with an Adcon A730 weather station equipped with standard temperature, rainfall, and leaf wetness sensors (Adcon International Inc., Davis, CA.). At Aurora, temperature, rainfall, and leaf wetness data were obtained from the Agrimet Weather Network (U.S. Bureau of Reclamation, Pacific Northwest Region, Boise, ID). As suggested previously (2,13; J. Pscheidt personal communication), a continuous period of leaf wetness began with rain and ended after 8 h of "dry" was recorded by the leaf wetness sensor. Consequently, adjacent wetness periods with breaks of <8 h were joined into a single event. Hourly records of temperature were used to obtain a mean temperature for each wet period. When a dry break occurred during a wetness event, only hourly temperatures that coincided with wetness were included in the mean. For 10 weekly exposure periods with multiple wetness events but no infection, all wetness periods were considered in data interpretation. For three weekly exposure periods with infection and more than one wetness event, only the most favorable period (longest and warmest) was considered in data interpretation.
Conditions for germination and infection by urediniospores. Environmental conditions giving rise to germination and infection from urediniospores were quantified in growth chambers (I-30VL; Percival Scientific Inc., Perry, IA). Plants of cv. Thornless Evergreen were produced as described above and grown in a greenhouse in 250-ml pots. Urediniospores of two local isolates of P. violaceum (HIM1 and ET1) were produced on blackberry plants maintained in separate, isolated growth chambers (18°C with a 16-h photoperiod). Urediniospores were collected from blackberry leaves using a cyclone spore sampler (19) .
The effect of temperature on urediniospore germination was evaluated by releasing a 1:1 mixture of isolates HIM1 and ET1 inside a settling tower at a height of 30 cm above 20 petri dishes that contained water agar. Approximately 0.002 g of spores was released by blowing air at 68 kPa through a cyclone sampler for 10 s. Initially, a shield was positioned in the tower at an intermediate height to capture spore aggregates for the first 20 s after release. After shield removal, spores were allowed to settle onto the water agar plates for 90 s. The dishes were then divided randomly and placed in growth chambers programmed with diurnal temperature regimes that averaged 5, 10, 15, 20, or 25°C (described below) over 24 h. Percent spore germination, defined as a germ tube length twice the spore diameter, was assessed by counting the number of germinated spores out of 200 spores examined per plate.
Urediniospore infection experiments were arranged in split-plot designs with temperature as the main plot and leaf wetness duration as subplots. Two types of temperature treatments were used: chambers set to a constant 5, 10 15, 20, 25, or 30°C and chambers programmed to fluctuate diurnally with average daily temperatures of 5, 10, 15, 20, or 25°C. The diurnal temperature regimes were developed from hourly data recorded by the Agrimet station at NWREC. Leaf wetness duration treatments were created by sealing plants in humidity chambers for 0, 2, 4, 6, 8, 12, 18, and 24 h after inoculation. Three replications in time served as the blocks, with temperatures assigned to growth chambers randomly at the beginning of each replication; two plants composed an experimental unit. The experiments were repeated twice; for the diurnal temperature experiment, different sets of derived temperature regimes were used for each experiment.
For inoculation, a 1:1 mixture of urediniospores of isolates HIM1 and ET1 was suspended in a 0.05% (wt/vol) TWEEN 20 solution and adjusted to 2 × 10 4 urediniospores/ml with the aid of hemacytometer. The abaxial surface of the top two fully expanded leaves on each plant was misted to near runoff with a handheld atomizer (Nalgene, Rochester, NY). Immediately after inoculation, plants were sealed individually in 3-liter humidity chambers (spaghetti jars; Snapware, Mira Loma, CA) that had been misted on the inside with distilled water. The temperature and humidity within one jar in each growth chamber was recorded every 5 min by suspending a HOBO U10 Temp/RH Data Logger (Onset Computer Corp., Bourne, MA) on monofilament just below the lid. Leaves remained wet if humidity was above 95%. At the end of wetness duration periods, lids were opened to allow the leaves to dry. After opening jars from the longest wetness duration (24 h), all plants were removed from their jars and placed in a single growth chamber (18°C) for 14 days. Lesion density (pustules per square centimeter of leaf area) was assessed on the inoculated leaves. Noninoculated plants were also placed in this growth chamber to serve as a control, and all plants were bottom-watered to prevent leaf wetness during incubation. Urediniospore infection was modeled statistically as a function of temperature and leaf wetness duration, with the actual mean temperature recorded in each chamber used as the independent variable. Temperatures in the chambers were within 0.5°C of the programmed temperature, except for the one of the 5°C diurnal temperature regimes, which averaged 7°C. Regression analysis was conducted with Proc NLIN in SAS (version 9.2; SAS Institute, Cary, NC). Response surface regression analyses were conducted with Sigma Plot 10.0 (SYSTAT Software, Inc., San Jose, CA).
Seasonal phenology of suitability of western Oregon climate for infection. Infection responses of urediniospores to temperature in the growth chambers were used to develop an expectation of the seasonal suitability of the western Oregon climate to rapid development of blackberry rust. With growth chamber data at 12 h of wetness, lesion density was first made relative to a maximum of 1.0 and then regressed on mean incubation temperature for both the constant and diurnal temperature regimes. These equations represented optimum curves with which the relative seasonal favorability with respect to temperature could be estimated by inserting a value for mean daily temperature; data for this purpose were obtained from the National Climatic Data Center (U.S. Department of Commerce, Ashville, NC) and were composed of the 30-year average of mean daily temperature for the midpoint of each month at Salem, OR. Similarly, to estimate the seasonal favorability for leaf wetness, a surrogate variable was created from 71-year averages of days per month with >2.5 mm precipitation for Salem, OR (data from National Climatic Data Center) and these values were divided by days in a month to estimate probability of precipitation for the midpoint of each month. The product of the mid-month temperature favorability index and mid-month probability of precipitation was termed the "rust favorability index," which was plotted as a function of month of year.
Chemical control. Fungicide experiments were conducted in a 4-year-old planting of Thornless Evergreen blackberry located at NWREC near Aurora, OR. The 0.12-ha planting consisted of eight rows (43 m) with 3-by-1.8-m plant spacing. Plants were trained to a wire trellis with plot maintenance (weed control, irrigation, and fertilization) following best management practices. The planting was managed for "alternate year" fruit production where, in each season, half the rows were fruiting and the other half produced only new primocanes. In fall, rows with old fruiting canes (and primocanes associated with these plants) were cut off near ground level whereas, in the nonfruiting rows, the primocanes 2 to 3 m in length were tied to the wires to fruit the following summer. , and a water-treated control. Treatment suspensions were applied to near runoff (0.2 liter/plant) with a 2-liter CO 2 pressurized backpack sprayer at 275 KPa (Model GS; R & R Sprayers, Opelousas, LA). The experiment was arranged in a randomized block design with four single-plant replications. The plot area was adjacent to four rows of severely rusted blackberry, which provided a source of urediniospores. Preliminary assessment of control treatments determined that nearly all disease was located at the 9th through 13th nodal positions from the tip of the cane. Tags were affixed to leaves located at these positions on each of four randomly selected canes of each plant. Disease severity (percent leaf area with symptoms) on the upper surface of each tagged leaf was assessed on 10 and 24 October and 16 November with the aid of standard area diagrams. Rust severity assessments were summarized as area under the disease progress curve (AUDPC) using midpoint rule integration between each assessment date. AUDPC values were subjected to analysis of variance (ANOVA; SAS Proc ANOVA); Fisher's protected least significant difference test at P = 0.05 was used for separation of treatment means.
Spring Measurements of rust development were made on 29 April, 11 July, and 8 August 2007 and on 27 May, 3 and 17 June, and 3 July 2008. The first assessment in each season assessed density of spermagonia, whereas the densities of uredinia were assessed on the later dates. Rust was measured by laying a 1-m 2 frame onto the canopy and examining the leaves within the frame for incidence of disease and number of pustules per leaf. For the first assessment, the leaves in the 5th through 10th nodal positions from the tip of the cane were examined whereas, in the later assessments, the leaves in the 1st to 5th nodes below the fruit cluster were examined. Assessments were made on both sides of the canopy with 350 to 450 leaves examined in each plot (mean of 382 leaves per 2 m 2 ). Because disease severity remained at low to moderate levels, and because pustules were aggregated, incidence of diseased leaves was the most useful variable for evaluating development of the epidemics and effects of fungicides. For assessments of spermagonia (29 April 2007 and 25 May 2008), the whole-plot data were analyzed with a paired t test. For the July assessment dates, the effects of subplot treatments on incidence of leaves with rust was analyzed by ANOVA; Fisher's protected least significant difference test at P = 0.05 was used for separation of treatment means.
RESULTS
Observations on early blackberry rust development in western Oregon. In 2006 to 2008, blackberry rust was observed each year on both naturalized R. armeniacus and cultivated R. laciniatus growing in western Oregon. Spermagonia were observed first on R. armeniacus, perhaps because this host initiated leaf growth 2 weeks earlier than R. laciniatus. In 2008, April was abnormally cool and bud break in R. laciniatus occurred during the last week of the month; correspondingly, in this season, spermagonia were not observed until near the middle of May, which was approximately 3 weeks later than in 2006 and 2007. Over 3 years of observation, symptoms or signs that would have been consistent with asexual perennation (diseased buds or development of uredinia prior to spermagonia) were not observed.
Teliospore germination.
weeks; consequently, based on the period of teliospore germination measured in Montpellier (6), we expected that teliospore germination in western Oregon would occur during a 9-week period extending from late March to early June, with a peak of germination occurring in early May. For the observed data, the periods of teliospore germination ranged from 8 to 10 weeks ( Fig. 1; only 2008 data  is shown) ; however, the periods of high spore germination began in early April and remained consistently high into early May, and then declined steadily during the latter half of May. By early June, most collected teliospores (>90%) were shells that had germinated previously.
In (Fig. 1) . Over five sampling dates in April, nontreated spores averaged 66.2 ± 4.6% (standard deviation [s.d.]) and 58.9 ± 18.9% germination at Aurora and Corvallis, respectively, whereas teliospores treated with lime sulfur averaged 11.5 ± 19.4 and 4.7 ± 5.3% germination at these respective locations.
Infection by basidiospores. At Aurora, where potted plants of R. laciniatus were exposed in a blackberry planting for two spring seasons, only 1 of 21 weekly plant exposures resulted in an infection event.
For that event, four spermagonia were observed on one leaf of one plant (Table  1 ). In contrast, at Corvallis, where plants were exposed under platforms holding telia-bearing leaves, 12 of 34 weekly exposures over 3 years resulted in basidiospore infection. For weeks with infection, the incidence of diseased plants averaged 49 ± 34% (s.d.) with a mean of 2.5 ± 1.4 leaves with spermagonia per symptomatic plant, and an average of 6.7 ± 7.0 spermagonia per diseased leaf (Table 1) . Of the 12 Corvallis exposures with basidiospore infection, 9 occurred during April, whereas 2 coincided with exposure in May and 1 from exposure in June; no symptoms developed on plants exposed in March.
For Corvallis, in total, 43 wetness periods initiated by rain were observed over the 3 years of weekly plant exposures; these wetness periods were confined to 23 of the 34 exposure weeks. A wetness period was required for infection to occur but, because of high variability in the number of infections and in wetness duration per event, the fitting of a quantitative response surface model to the data was not successful (data not shown). Nonetheless, categorizing the 36 wetness events by a duration of <16 or ≥16 h and by a mean temperature during the wetness period of <8°C or ≥8°C placed 8 of 12 weeks with infection events into the category that experienced a wetness period ≥16 h with a mean temperature ≥8°C (Table 2) . Infection events outside of this category either were very light or had long wetnessduration periods (53 and 77 h) with an overall mean temperature <8°C; however, within the period was a subset period with a mean temperature ≥8°C for more than 16 h (Table 2) .
Conditions for germination and infection by urediniospores. Infection occurred at all constant temperatures regimes except 30°C, with the most infection occurring at either 15 or 20°C depending on wetness duration (Fig. 2A, C, and E) . With diurnal temperature regimes, the greatest infection occurred at 10 to 20°C depending on wetness duration (Fig. 2B, D, and F) . Under the diurnal regime, the amount of infection at 5°C after 24 h of wetness was more than twice the amount of the constant 5°C regime whereas, at 20°C, the amount of infection under the diurnal regime was only about a fifth of that observed under the constant regime. Under both regimes, a minimum of six continuous hours of leaf wetness was required for infection, with >9 h of wetness required for moderate infection (>0.4 pustules/cm 2 ) at 15 or 20°C under the constant regime and at 10 or 15°C under the diurnal regime.
Under the diurnal temperature regime, a significant curvilinear relationship was observed (P = 0.02) between the percentage of spores germinated (g) and average temperature (T d ): g = -0.158 × T d 2 + 2.821 × T d + 39.03 (R 2 = 0.94). As with the infection response, the optimal temperature for germination was 10°C, with 51 ± 13% (s.d.) germination observed, followed closely by 5 and 15°C, which averaged 48 ± 9% germination. Only 26 ± 19 and 12 ± 5% germination were observed at average daily temperatures of 20 and 25°C, respectively.
Seasonal suitability of western Oregon climate for infection. Estimated seasonal favorability for rapid development of blackberry rust based on temperature and probability of precipitation yielded a bimodal response (Fig. 3) . The two periods of highest favorability coincided with midto late spring and early fall. Winter was predicted to be unfavorable owing to cold temperatures; July and August also were predicted to be unfavorable owing to a combination of higher than optimal daily September, for water-treated plants, leaves in positions 9 to 13 from the tip of the cane (and near the base) averaged 62 to 120 rust pustules per leaf but infections were not observed at younger positions. By the final assessment in November, rust severity averaged 30% on leaves in positions 9 to 13 (Fig. 4) ; only an occasional pustule was observed at younger leaf positions.
Spring epidemics observed in 2007 and 2008 began with spermagonia, which then transitioned to the aecial and uredinial phases of the disease. Spermagonia were first detected on 29 April 2007 and 20 May 2008. In both years, disease increased through June such that, by early July, incidences of diseased leaves ranged from 17% (2007) to 30% (2008) of leaves in the first five nodal positions below the fruit cluster (Fig. 5) . Disease severity, however, remained relatively low, with symptomatic leaves averaging 4.2 and 4.9 pustules per leaf on 11 July 2007 and 3 July 2008, respectively. In 2007, an assessment on 14 August showed little change in the incidence of diseased leaves relative to the July assessment; pustules per leaf averaged 6.6 on this assessment date. Interestingly, in 2006, a spring rust epidemic did not develop in the plot area in spite of a large number of teliospores carrying over from the epidemic in the previous season.
Chemical control. In 2005, the effects of fungicide treatments on rust development on primocanes became apparent in early October, with plants treated with myclobutanil showing <2% rust severity, whereas the average severity on all other treatments was >7% (Fig. 4) . Disease severity increased through mid-November, with the difference between myclobutanil and other treatments maintained over the period of observation. Based on ANOVA of AUDPC, rust suppression with myclobutanil was significantly (P ≤ 0.05) greater than with the other fungicides; azoxystrobin provided an intermediate degree of protection that was significantly (P ≤ 0.05) better than copper hydroxide or the water-treated control.
Lime sulfur applied in early spring of 2007 and 2008 significantly (for both years; P ≤ 0.1 or 0.05 for two-and onetailed paired t test, respectively) sup- Leaf wetness events required initiation by rainfall. Adjacent wetness periods with breaks of<8 h were joined into a single event (2, 13) . If a dry break occurred, only hourly temperatures that coincided with wetness were included in the mean. Each week, thirty 1-yearold greenhouse-grown plants were exposed under elevated platforms on which detached blackberry leaves bearing telia of P. violaceum were suspended. b Mean temperature during period of leaf wetness. c In total, 11 spermagonia were observed from this event. d These events had wetness periods of 53 and 77 h where, within each period, occurred a 16-h period with a mean temperature ≥8°C. Totals of 23 and 37 spermagonia coincided with these two events. e In total, eight spermagonia were observed from this event. f Total numbers of spermagonia observed for these eight events were 27, 41, 225, 265, 305, 440, 935, and 2,840. For three of these events, an additional six leaf wetness periods were recorded during the weekly exposure period. Four of these wetness periods were in the category of <8°C with wetness <16 h and two were in the category of ≥8°C with wetness <16 h. pressed the development of spermagonia by 57 to 78% (Fig. 6 ). For myclobutanil, the degree of suppression of the uredinial phase depended on the time of application. Based on disease assessments made in early July, one application of myclobutanil in late April (2008) or early May (2007) provided significant (P ≤ 0.05) control, whereas a single application of this material made in early June did not (Fig. 7) . The highest suppression of rust was obtained by two treatments with myclobutanil (30 April and 11 June 2008); in contrast, in 2007, an early-May application of azoxystrobin followed by myclobutanil in early June provided an intermediate level of disease control. The interaction between delayed dormant lime sulfur (whole plot) and in-season foliar fungicides (subplots) was not significant (P > 0.10).
DISCUSSION
Since its first report in 2005, P. violaceum has caused economic damage to cultivated R. laciniatus cvs. Thornless Evergreen and Everthornless and, to a lesser extent, the other common species of European origin, naturalized Himalayan blackberry (R. armeniacus). Cultivars of R. laciniatus represent approximately 10% of Oregon's commercial blackberry acreage and are characterized as high yielding and very late to mature but with only intermediate fruit quality. Consequently, their importance to the caneberry industry is partly as "insurance" to the widely grown and high quality cv. Marion, which is prone to winter injury but not susceptible to P. violaceum (21) . Thus, if R. laciniatus is to continue as a cultivated blackberry, growers need to view management of blackberry rust as economical within the context of a crop with its value partially dependent on the yield performance of another cultivar.
Our results show a high likelihood for management of blackberry rust in R. laciniatus at low cost. The primary strategy for management is chemically achieved sanitation that targets the initiation of the disease cycle which, from a theoretical perspective, is unconventional for a foliar, polycyclic pathogen (20) . Because asexual perennation of P. violaceum appears absent or rare (22) in the disease cycle, this pathogen undergoes an apparent obligate sexual cycle each spring, which is unlike other Phragmidium spp. that cause rusts on rose (11) . We observed that initiation of the disease cycle from overwintering teliospores appears to require long wetness periods (≥16 h) at mean temperatures that are relatively warm (>8°C) for western Oregon during April ( Table 2) . As a consequence of these constraints, we observed only two to five periods of infection by basidiospores each spring (Table  1) . Importantly, in both the teliospore germination experiment (Fig. 1) and the fungicide field experiment (Fig. 6) , treatment with lime sulfur suppressed the measured dependent variable, either teliospore germination or spermagonial formation. Growers traditionally apply lime sulfur annually to dormant floricanes to suppress fungal leaf and cane spot pathogens. Our results indicate that timing of the 10% lime sulfur treatment should be made 2 to 3 weeks before budbreak, when teliospores are ready to germinate. In addition, in 2008, we applied a 2.5% lime sulfur treatment just before budbreak, which did not induce a phytotoxic response; teliospore germination data before and after this treatment (Fig. 1) suggest that this second application was potentially efficacious. Similarly, myclobutanil treatments were more effective in late April or early May than in early June (Fig. 7) which, in both seasons, was before the appearance of the uredinial phase. Although we lack data to explain why an early myclobutanil treatment was a superior treatment, we speculate that this locally systemic material suppressed maturation of or spore formation from either the spermagonial or aecial stages of the pathogen (14) and, thereby, also reduced initial inoculum.
In addition to the obligate telial phase, there are several reasons why targeting initial inoculum is apparently an effective strategy for management of blackberry rust. First, in blackberry, ontogenic resistance (9) of leaf tissue to the pathogen develops quickly: individual leaves at 2 weeks of age are a quarter to a third as susceptible as new, fully expanded leaves and, by 3 weeks, leaves are difficult to infect (6) . For blackberry growing in Oregon, nearly all new leaf growth occurs from late April to early June, with a secondary flush of growth in September, after the fruit matures. Floral bracts are also highly susceptible but are only produced during a short period in spring. Consequently, the spring epidemic is confined to a relatively short 6-to 8-week period in the life of the crop. Second, the effective dispersal distance of basidiospores apparently is limited. This was evidenced by our observation of the extreme rarity of spermagonia on trap plants placed in the experimental planting of R. laciniatus compared with infection of trap plants exposed under a dense bundle of telia-bearing leaves collected from the same planting (Table 1) .
Once the disease cycle is initiated, dispersal of urediniospores from other plantings or nearby naturalized Himalayan blackberry likely occurs; however, given the short period of leaf and inflorescence production, epidemics initiated by urediniospores produced exogenous to the planting may not have sufficient time to complete several cycles of infection and, therefore, attain an economically damaging level of disease. Third, in addition to when leaf tissue is susceptible to infection, our analysis of the seasonal favorability of the western Oregon climate based on growth chamber response curves for infection by P. violaceum produced a bimodal curve with late spring to early summer and late summer to early fall being the periods most conducive to rust development. Although this analysis was simplistic, these periods coincided with increases in blackberry rust observed in the field (Figs. 4 and  5) . Because of higher-than-optimum temperatures and infrequent precipitation, the analysis also predicted that the rate of increase of blackberry rust will be slow during summer, which is what we observed in 2007 (Fig. 5 ) and in 2008 (detailed data were not taken). Little increase of disease in summer also is likely affected by a lack of susceptible tissue. Overhead irrigation, which is common in blackberry production, partially negates the benefits of infrequent rainfall; however, the timing of irrigation can be managed to limit the length of the wetness period (12) .
The severity of the blackberry rust epidemic in Oregon in 2005 drew attention to this pathogen both in terms of its potential as a constraint to the blackberry industry and as a potential biocontrol agent of naturalized Himalayan blackberry, an important noxious weed in the Pacific Northwest (5 lime sulfur treatment, which was adopted by growers immediately, has been important in lessening the impact of local (infield) inoculum when spring conditions have been favorable for teliospore germination and infection by basidiospores. Additionally, a 24C registration for Rally WP was obtained that doubled the rate of myclobutanil from what had been allowed on blackberry previously, and most growers make at least one treatment at the higher rate. For the naturalized populations, it was apparent in 2005 that a minor biotype of Himalayan blackberry, a facultative apomict with a population comprising a limited number of biotypes (3, 5, 16) , was highly susceptible to P. violaceum. Severe rust developed on the minor biotype but only low levels of infection were observed on the more predominant biotypes (unpublished data). Subsequently, observations of severe rust in naturalized blackberry have become infrequent, perhaps due to pathogen-mediated selection for resistant biotypes. A reduced incidence of rust in naturalized blackberry also has likely reduced regional levels of inoculum.
In conclusion, although P. violaceum is now endemic in western Oregon, management of this pathogen in cultivated R. laciniatus should be achievable at an acceptable cost. Growers are advised to apply lime sulfur (10%) in late March or early April and to consider a second treatment (2.5%) prior to bud break (midApril). Near the end of April or beginning of May, they should scout for the spermagonial stage and apply myclobutanil at first detection. After the first spray, the weather should be monitored for frequency of additional wetness periods, and fields should be scouted for continued increase in disease. A second application of myclobutanil just before flowering may be warranted if the rust has continued to increase in the field. Although summer is less favorable for disease increase, we recommend that summer irrigation events be managed to limit the frequency and the length of wetness periods. After harvest, the stems of old floricanes can be cut to eliminate active pustules and teliospore formation on these tissues. If, in early September, active rust pustules are present on primocanes (next year's floricanes), an application of myclobutanil may be useful to suppress the fall epidemic. Based on observations and experiments subsequent to the 2005 epidemic, it likely that only lime sulfur followed by a myclobutanil treatment will be required for adequate control in most seasons.
